Abstract. In recent years, the role of magnetic resonance angiography (MRA) in the diagnosis of Budd-Chiari Syndrome (BCS) has been the focus of various clinical studies. The purpose of the present study was to perform a meta-analysis of the diagnostic performance of MRA in patients with BCS by using digital subtraction angiography as a reference method. The search strategy for relevant research articles was based on the Cochrane Handbook for Systematic Reviews, and literature databases (including PubMed, Medline and China National Knowledge Infrastructure) and reference lists of retrieved studies published from 2000 to 2016 were searched. The Quality Assessment of Diagnostic Accuracy Studies tool was used to assess the methodological quality of these research studies by two reviewers independently. Summary estimates of the sensitivity, specificity, positive/negative likelihood ratio (LR+/-), diagnostic odds ratio (DOR) and the summary receiver operating characteristic (SROC) curve of MRA in identifying BCS were obtained. The pooled MRA estimates had a sensitivity of 97.6% [95% confidence interval (CI), 95.1-99.0%], a specificity of 70.7% (95% CI, 54.5-83.9%), an LR+ of 3.163 (95% CI, 2.03-4.94) and an LR-of 0.045 (95% CI, 0.02-0.09). The overall DOR was 94.053 (95% CI, 32.71-270.41). The area under the SROC curve was 0.972. In conclusion, MRA is an accurate modality for evaluating BCS.
Introduction
Budd-Chiari syndrome (BCS) is characterized by the blockage of the hepatic veins (HVs) and/or the inferior vena cava (IVC) (1) . Myeloproliferative disorders are the most common causes of BCS (1) . Men and women are equally affected, with patients mostly being diagnosed in the third or fourth decade of life (2) . Clinical manifestations include: Abdominal pain, liver dysfunction and intractable ascites, which is the most common clinical feature of BCS (3). Conventional management for BCS patients includes the treatment of complications of portal hypertension, surgery and endovascular intervention (4) . The prevention of disease progression by medical treatment alone is limited. However, endovascular intervention has proven to be more effective than medical treatment and exhibits a lower mortality rate than open surgery (5) .
Doppler ultrasonography is the technique of choice for initial investigation when BCS is suspected (1) . Contrast-enhanced computed tomographic (CT) scanning may be recommended to delineate venous anatomy and to determine the configuration of the liver when a transjugular intrahepatic portosystemic shunt is being considered (1) . Digital subtraction angiography (DSA) examination is considered as the 'golden standard' for the diagnosis of BCS. However, it is an invasive examination, which includes exposure to radiation and the injection of a contrast agent (6) . Magnetic resonance (MR) angiography (MRA) has been suggested to be a suitable alternative modality for diagnosing BCS (7) . However, to the best of our knowledge, no meta-analysis has been performed for previous studies on MRA to fully elucidate the qualities of this methodology for the diagnosis of BCS.
The aim of the present study was therefore to perform a systematic review to obtain the best available estimates of the diagnostic performance of MRA in patients with BCS. Inclusion and exclusion criteria. Studies meeting the following selection criteria were included in the present meta-analysis: i) Evaluation of the diagnostic performance of MRA for detecting BCS, ii) true-positive (TP), false-positive (FP), true-negative (TN) and false-negative (FN) detection rate are contained in or may be calculated from the data of the original published study, iii) articles were published in English or Chinese and iv) DSA or surgery as the gold standard. The exclusion criteria were as follows: i) Review articles, ii) animal studies, iii) studies with insufficient data, and iv) case reports and small case series (number of patients, <5). If the 2 reviewers disagreed on whether to include an article, it was resolved by consensus with a third reviewer.
Materials and methods

Publication
Data extraction and quality assessment. Relevant studies were examined by two blinded observers independently (PX and LL) with the Quality Assessment of Diagnostic Studies (QUADAS) tool to assess the methodological quality of each study included in the meta-analysis (8) . A third reviewer (XL) served as a blinded expert in cases of disagreement. The following data were extracted: i) Characteristics of study participants (number of patients, age, gender), ii) methodological details for MRA and iii) relevant data (TP, FP, TN and FN).
Meta-analysis. The use of the random-effects or fixed-effects model depends on the presence of statistical heterogeneity. Heterogeneity was assessed by the χ 2 test and the inconsistency index (I 2 ) (9). One of the major causes of heterogeneity in test accuracy studies is the threshold effect (10) . A threshold effect is indicated if assessment by computing the Spearman correlation between the logarithm (logit) of sensitivity and logit of (1-specificity) reveals a positive correlation between sensitivity and 1-specificity. A positive correlation (P<0.05) suggests a threshold effect. If heterogeneity is present due to a threshold effect, accurate data should be pooled by fitting a summary receiver operating characteristic curve and calculating the area under the curve (AUC). Subgroup analysis and regression meta-analysis were performed if there was no threshold effect but significant heterogeneity. All statistical analyses were performed using Meta-Disc software version 1.4 (11) .
Results
Eligible studies. The initial search for studies that evaluated the diagnostic accuracy of MRA for BCS yielded a total of 118 manuscripts. Manual searching of the reference lists of relevant research studies did not yield any additional relevant studies. In total, only 6 of these research studies contained the appropriate data [sample size, sensitivity, specificity, positive predictive value and negative predictive value] for inclusion in the statistical calculations (12) (13) (14) (15) (16) (17) . The major reasons for exclusion were as follows: i) No relevance regarding the use of MRA for detecting or evaluating stenosis; ii) insufficient data for creating a 2x2 table; iii) QUADAS score of <9. The characteristics of each study included are presented in Table I . The 6 research studies that were finally included in the meta-analysis had been published between 2007 and 2015, and comprised a total of 285 patients. The mean number of patients per study was 47.5 (range, 35-108).
Threshold effect analysis. The Spearman correlation coefficient was determined to be 0.600 (P=0.208), which suggested no threshold effect among the individual studies that may have caused any variations in accuracy estimates.
Data synthesis. The overall AUC was 0.972, which suggested good diagnostic accuracy (Fig. 1) . Pooled summary statistics for sensitivity (Fig. 2) , specificity ( Fig. 3) , positive likelihood ratio, negative likelihood ratio, diagnostic odds ratios (DOR), P-value for heterogeneity and I 2 -value are summarized in Table II . No significant heterogeneity was identified within these studies. None of the 95% confidence intervals of the ORs included 1, which confirms a significant diagnostic value of all modalities.
Summary of scan modalities and misdiagnosis analysis.
Scan modalities (equipment, protocol, reconstruction mode, contrast agent) and reasons for misdiagnosis were summarized in Tables III and IV, respectively. In general, 54% of patients used 1.5 T MRI equipment and 46% used 3.0 T. The maximum intensity projection was the most common way to reconstruct images. Patients with a heart rate of >100 bpm, uneven breathing, massive ascites and membrane obstruction were more likely to be misdiagnosed.
Discussion
Budd-Chiari syndrome is an uncommon condition induced by thrombotic or non-thrombotic obstruction of HV outflow (18) . DSA is considered as the 'gold standard' for this disease, but it is an invasive examination involving exposure to radiation and injection of contrast agent. Various of other imaging modalities are available for diagnosing BCS in the clinic, including ultrasound (US), computed tomography (CT) and MR imaging.
US should be performed as the first imaging method of choice in patients with suspected BCS due to its high diagnostic sensitivity (75-90%) and non-invasive nature (19) , but this approach is operator-dependent and maybe affected by excessive ascites and intestinal gas (20) . CT has also been widely used for the diagnosis of BCS in the clinical setting as a non-invasive diagnostic tool (21, 22) . Certain studies have used CT to evaluate liver parenchyma, the status of the HVs and IVC, as well as extrahepatic and intrahepatic collaterals (23, 24) . With the development of CT technology, the effectiveness of BCS diagnosis has markedly improved (25) . Although CT is a good modality for evaluating BCS, it has various disadvantages, including possible allergic reactions and nephrotoxicity due to the use of contrast agent (26) .
MRA has been increasingly used as an alternative technology for assessing BCS. However, the quality of this methodology has not been assessed in previous studies. In the present study, a systematic review was performed to obtain the best available estimate of the diagnostic performance of MRA in patients with BCS. The meta-analysis revealed that, compared with the reference standard DSA, MRA is an accurate diagnostic tool for diagnosing BCS with a pooled sensitivity of 97.6%, a specificity of 70.7% and a DOR of 94.1%. MRA is a useful method for the diagnosis of BCS regardless of the use of contrast agent. Therefore, MRA protocols without the use of contrast agent, e.g. fresh blood imaging or in-flow inversion recovery, may become increasingly important, particularly for patients who cannot receive any contrast agent for various reasons. Time-spatial labeling inversion pulse is another non-contrast-enhanced MRA technology with a high success rate, high accuracy rate and fine image quality for the diagnosis of BCS (27) . This technique based on true steady-state free-precession is a type of spin labeling that yields the quantitative plus selective inflow of information and suppressing the background (28) (29) (30) .
In the present study, it was revealed that certain factors may lead to misdiagnosis by MRA, including a heart rate of >100 bpm, uneven breathing and massive ascites. All of these factors may increase the misdiagnosis rate. At present, maximum intensity projection is the most commonly used image reconstruction method, which may facilitate an accurate diagnosis. Furthermore, multiplanar reconstruction and volume rendering may be added as a supplement. MRA may not only be used to diagnose BCS effectively, but also provide more useful information on the classification of BCS patients, the shape of the IVC obstruction, as well as the position and direction of accessory HVs (AHVs), and this information has a high degree of consistency with DSA. In 2016, Xu et al (31) reported that liver accelerated volume acquisition (LAVA) sequence had a high sensitivity and specificity in detecting 
Age is expressed as the mean (range); data as n (%). NA, not available; DSA, digital subtraction angiography; TP, true positives; FP, false positives; FN, false negatives; TN, true negatives.
AHV in BCS patients as indicated by a retrospective analysis. Lu et al (32) suggested that LAVA sequence is able to detect more AHVs than DSA. In addition, MRA clearly reveals the opening direction of AHV and the angle between AHV and distal vena cava, which have practical value for interventional therapy (33).
The present study has several limitations. One limitation is that the number of studies included was low and the sample size was small. The second limitation is that there were differences in the equipment and protocols among the studies, among which two studies used 3.0T magnetic resonance imaging equipment and four studies used 1.5T equipment. In Figure 3 . Fores t-plot of specificity. The specificity for each research study is represented by circles. The 95% CI is represented by the horizontal lines through each circle. The pooled specificity is represented by the diamond symbol. CI, confidence interval; df, degrees of freedom. addition, BCS may be categorized into three types depending on the type of venous occlusion (2) . The present study did not analyze each type separately due to the small number of cases. The third limitation is that only studies that were written in English and Chinese were included for reasons of practicality. Publication bias was not assessed due to the inclusion of a limited number of studies (<10).
In conclusion, the high diagnostic accuracy of MRA determined in the present meta-analysis suggests that this modality has potential for improving the diagnosis and evaluation Budd-Chiari syndrome. These results provide a larger-scale reference for clinicians and it is recommended that MRA is implemented in the clinic for diagnosing Budd-Chiari syndrome.
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